Linkage Disequilibrium between the Spinocerebellar Ataxia 3/Machado-Joseph Disease Mutation and Two Intragenic Polymorphisms, One of Which, X359Y, Affects the Stop Codon  by STEVANIN, GIOVANNI et al.
1548 Letters to the Editor
Scambler PJ, Kelly D, Williamson R, Goldberg R, Shprintzen morphism at the stop codon (1118ArC) of the MJD1
R (1992) The velo-cardio-facial syndrome is associated with cDNA, resulting in the addition of 16 amino acid resi-
chromosome 22 deletions which encompass the DiGeorge dues to the C-terminal domain of the gene product, that
syndrome locus. Lancet 339:1138–1139 does not affect the phenotype. Analysis of the haplotypes
Sutherland HF, Wadey R, McKie JM, Taylor C, Atif U, John- deﬁned by the 987GrC and 1118ArC polymorphisms
stone KA, Halford S, et al (1996) Identiﬁcation of a novel
revealed the existence of four different haplotypes asso-transcript disrupted by a balanced translocation associated
ciated with the SCA3/MJD mutation that have resultedwith DiGeorge syndrome. Am J Hum Genet 59:23–31
from at least four ancestral mutations.Wadey R, Daw S, Taylor C, Atif U, Kamath S, Halford S,
We have cloned cDNAs corresponding to the nor-O’Donnell H, et al (1995) Isolation of a gene encoding an
mal and expanded MJD1 alleles from a SCA3/MJDintegral membrane protein from the vicinity of a balanced
translocation breakpoint associated with the DiGeorge syn- patient, by retro-transcription of brain mRNA fol-
drome. Hum Mol Genet 4:1027–1034 lowed by PCR. Direct sequencing of both cDNAs re-
Wilson DI, Goodship JA, Burn J, Cross IE, Scambler PJ (1992) vealed at codon 359 a polymorphism that differs from
Deletions within chromosome 22q11 in familial congenital the published MJD1 sequence (Kawaguchi et al.
heart disease. Lancet 340:573–575 1994) and that corresponds to a 1118ArC substitu-
tion (TerrY) predicting an SCA3/MJD protein con-
Address for correspondence and reprints: Dr. Peter J. Scambler, Room 214, taining 16 additional amino acid residues (YELHVI-
Molecular Medicine Unit, Institute of Child Health, 30, Guilford Street, London
FALHYSSFPL). This result is in agreement withWC1N 1EH, UNited Kingdom. E-mail: pscamble@hgmp.mrc.ac.uk
 1997 by The American Society of Human Genetics. All rights reserved. preliminary results obtained on cDNA from lymph-
0002-9297/97/6006-0036$02.00 oblastoid mRNA (Trottier et al. 1995) and from a
brain library (Goto et al. 1996). The polymorphisms
can be detected rapidly by differential PCR with the
MJD52 primer (Kawaguchi et al. 1994) and either
MJD-TAA (GCAAAAATCACATGGAGCTCT) or
Am. J. Hum. Genet. 60:1548–1552, 1997 MJD-TAC (GCAAAAATCACATGGAGCTCG) for
the 1118ArC polymorphism and either MJD-GGG
(CTCTGTCCTGATAGGTCCCC) or MJD-CGGLinkage Disequilibrium between the Spinocerebellar
(CTCTGTCCTGATAGGTCCCG) for the 987GrCAtaxia 3/Machado-Joseph Disease Mutation and Two
polymorphism. PCR ampliﬁcations were performedIntragenic Polymorphisms, One of Which, X359Y,
as described elsewhere (Cancel et al. 1995), exceptAffects the Stop Codon
for annealing at 64C and 63C for the 1118ArC and
To the Editor: 987GrC polymorphisms, respectively. PCR products
were separated on 1% agarose gels and were visual-Machado-Joseph disease (Takiyama et al. 1993) or
spinocerebellar ataxia 3 (Stevanin et al. 1994a) (SCA3/ ized by UV exposure in the presence of 0.5 mg ethid-
ium bromide/ml (ﬁg. 1). PCR products from controlMJD), is the most frequent form of autosomal dominant
cerebellar ataxia type I, a heterogeneous group of neuro- subjects who were homozygous for a polymorphism
on both normal chromosomes were run on 6% acryl-degenerative disorders of unknown etiology (Harding
amide gels for better resolution of the alleles and were1993; Sequeiros and Coutinho 1993; Du¨rr and Brice
visualized by autoradiography, after being blotted1996; Du¨rr et al. 1996). The responsible mutation has
onto nylon membranes and hybridized with a g32P-been characterized as an unstable CAG-repeat expan-
labeled (CAG)7 oligonucleotide.sion in the coding region of the MJD1 gene (Kawaguchi
et al. 1994; Cancel et al. 1995). The molecular mecha-
nism leading to repeat expansion remains unknown.
However, Igarashi et al. (1996) recently suggested, on
the basis of an intragenic polymorphism (987GrC) in
the MJD1 gene, that an allelic interaction between the
normal and expanded chromosomes may be implicated
in the instability of the expanded CAG repeat. Until
recently, the SCA3/MJD mutation was thought to origi-
nate in the Azores Islands. We now know that the dis-
ease is not restricted to patients of Portuguese descent
and that several different mutations probably are in-
Figure 1 Detection of the four 987GrC/1118ArC haplotypes
volved, even in Portuguese pedigrees (Stevanin et al. on expanded SCA3/MJD alleles. The four PCR ampliﬁcations (see
1995a; Takiyama et al. 1995; Gaspar et al. 1996; Iugh- text) for each subject were run on a 1% agarose gel containing 0.5
mg of ethidium bromide/ml, to separate normal and expanded alleles.etti et al. 1996). We report here a new intragenic poly-
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We screened one patient from each of 61 SCA3/ two (CA and GC) of the four possible haplotypes were
detected on 15 alleles with 34–40 CAG repeats. InMJD families (Stevanin et al. 1995b; Du¨rr et al. 1996):
39 from France, 10 from Portugal, 2 from Morocco, French (n Å 8; ﬁg. 3) and northern African (n Å 3)
controls, normal alleles with ú33 CAG repeats wereand 1 each from Brazil, Belgium, Algeria, Yemen,
Cambodia, French Guyana, French West Indies, Ivory associated exclusively with haplotype CA, whereas
both CA (n Å 3) and GC (n Å 3) were observed inCoast, and Spain, as well as 1 with Spanish and Portu-
guese origins. The families from French Guyana and Portuguese and Brazilian subjects. The ancestral hap-
lotypes are probably CA and GC. The very differentIvory Coast were of Black African ancestry, as was
one of the Moroccan kindreds. The exact origin of the distribution, with only minimal overlap, of the GC
and CA haplotypes in controls suggests that the diver-mutation in the family with Spanish and Portuguese
ancestors, in the Brazilian family, and in the White gence of these haplotypes is very ancient, and it is
reminiscent of that of myotonic dystrophy (Imbert etCaucasian family living in the French West Indies
could not be determined. The genealogies of ﬁve kin- al. 1993).
The results are strikingly different for the expandeddreds of Portuguese origin that were from the rural
area of Ribeirao Preto, Sa˜o Paulo, and carried the alleles. The four haplotypes are observed on SCA3/
MJD chromosomes—but with different distributions,same frequent Portuguese surname were traced back
to 1820. These families appear to be unrelated, but a depending on the geographical origin. Three different
haplotypes are found on Portuguese SCA3/MJD chro-founder effect cannot be excluded. The ﬁrst known
patient in the largest family, born in 1820, is of Azor- mosomes, supporting the hypothesis that the SCA3/
MJD mutation in Portuguese/Azoreans has a multipleean extraction (Stevanin et al. 1994b). Chromosomes
from 121 healthy unrelated individuals of French (n origin, the most frequent of which (CA) is common
to the majority of families with Portuguese ancestryÅ 56), northern African (n Å 28), Brazilian (n Å 26),
and Portuguese (n Å 11) ancestries, as well as the and to all French kindreds. Another haplotype (GA) is
shared by the majority of African SCA3/MJD patients,normal chromosome from each of the index patients,
were used to determine allelic distributions. The num- including all of those of Black African origin (n Å 3).
This haplotype is also found in the Yemenite Jewishber of CAG repeats was determined as described else-
where (Cancel et al. 1995). family originating from a small isolated community
near Ta’izz in Yemen (Goldberg-Stern et al. 1994).In the four control populations (French, northern
African, and Portuguese/Brazilian), the C allele at po- There is no documentation or historical evidence of
Portuguese ancestry in this particular community.sition 1118 was more frequent (Ç75%) than the A
allele (Ç25%), as shown in ﬁgure 2. The C allele was In conclusion, we have described a new intragenic
polymorphism, in the stop codon of the MJD1 gene, thatalso associated with smaller CAG repeats (from 20
{ 5 to 22 { 6 CAG repeats in the four populations) is in linkage disequilibrium with SCA3/MJD expansions.
The results support the hypothesis of a founder effect,than was the A allele (from 24 { 4 to 25 { 5 CAG
repeats). This difference was signiﬁcant in French (P or recurrent mutations, on both the CA haplotype in
the French population, as elsewhere had been suggestedõ .001) and northern African controls (P õ .05), in
whom alleles with 14 and 15 CAG units were exclu- by analysis with extragenic ﬂanking microsatellites
(Stevanin et al. 1995a), and on the GA haplotype insively associated with the C polymorphism. In the
French and northern African controls, alleles with SCA3/MJD patients of Black African origin. A founder
effect is also suspected in Japanese kindreds (Endo et al.ú33 repeats were of the A type, whereas in the Portu-
guese/Brazilian control population both polymor- 1996). In Portuguese SCA3/MJD families, there were
three different haplotypes. Since recombination eventsphisms were observed in the largest normal alleles.
French, northern African, and Black African SCA3/ among these polymorphisms, which are only 31 nucleo-
tides apart and close to the SCA3/MJD mutation, areMJD chromosomes carried exclusively the A allele at
nucleotide 1118, but alleles A and C were observed unlikely, the four different haplotypes associated with
CAG expansions most probably reﬂect at least four dif-in other populations, including the Portuguese (see the
appendix). ferent ancestral mutations. However, since only one Bra-
zilian kindred of Portuguese ancestry carried the rareIn the four control populations, 96% of the haplo-
types deﬁned by the 987GrC and 1118ArC polymor- CC haplotype, it cannot be excluded that a mutation
occurred recently in this family, on a GC haplotype orphisms were GC or CA, showing strong linkage dis-
equilibrium. Haplotype GC represented 97% and a CA haplotype. The precise origin of most of the fami-
lies of Portuguese origin is not known. However, it is of94% of the two major normal alleles, with 14 and 23
CAGs, respectively. Although the CA haplotype was note that the CA haplotype is carried both by Brazilian
kindreds with Azorean ancestry and by a Portuguesefound on only 23% of the normal alleles, it was associ-
ated with 73% of those with ú33 CAG repeats. Only family of continental origin.
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Figure 2 Distribution of the 1118ArC polymorphism according to CAG repeat number, in French, northern African, and Portuguese/
Brazilian controls. Portuguese and Brazilian distributions were not statistically different and are represented together. E Å SCA3/MJD patients.
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Figure 3 Distribution of the 987GrC/1118ArC haplotypes, as a function of CAG repeat number, on 39 French SCA3/MJD carrier
chromosomes (E) and on 148 normal chromosomes from unrelated French subjects.
De novo cases, which, in Huntington disease (HD), Appendix
permitted identiﬁcation of the origin of the expan-
sion (Myers et al. 1993; Squitieri et al. 1994), have Distribution of Two Intragenic Polymorphisms in 61
not been reported yet in SCA3/MJD. However, the SCA3/MJD Families
distribution of the haplotypes on the largest alleles
(ú33 repeats) suggests a possible pathogenic mecha-
Polymorphism:nism. In French controls, only the CA haplotype is
987GrC C Gobserved on the largest normal alleles and on all
1118ArC A C A C
SCA3/MJD chromosomes. It therefore is tempting to Ancestry:
postulate that, as in HD, de novo expansions occur French 39 . . . . . . . . .
Portuguese 6 1 . . . 3on these large normal alleles. This hypothesis would
Other Europeans 2 . . . . . . 1explain the complete linkage disequilibrium between
Black Africans . . . . . . 3 . . .the CA haplotype and the SCA3/MJD chromosomes
Others 3 . . . 2a 1
in the French population. However, instability of
normal alleles has not been observed yet in SCA3/ a Includes a Moroccan and a White Jewish Yemenite family.
MJD, even in 16 transmissions of alleles ú31 repeats.
De novo cases are needed to conﬁrm this hypothesis.
Only a few large normal alleles (ú34 CAG repeats) GIOVANNI STEVANIN,1 ANNE-SOPHIE LEBRE,1 CE´CILE
have been characterized in Brazilian, Portuguese, or MATHIEUX,1 GE´RALDINE CANCEL,1 NACER ABBAS,1
northern African controls: only the CA haplotype OLIVIER DIDIERJEAN,1 ALEXANDRA DU¨RR,1,2 YVON
was found in northern Africans, but both CA and TROTTIER,3 YVES AGID,1,2 AND ALEXIS BRICE1,2
GC haplotypes were found in the Brazilian and Por- 1INSERM U289 and 2Fe´de´ration de Neurologie,
tuguese controls. Hoˆpital de la Salpeˆtrie`re, Paris; and 3Institut de
The functional signiﬁcance of the 1118ArC poly- Ge´ne´tique et de Biologie Mole´culaire et Cellulaire,
morphism remains unclear, despite the fact that it Illkirch, C.U. de Strasbourg
results in the addition of 16 amino acid residues to
the C-terminal domain of the MJD1 gene product.
AcknowledgmentsThe additional sequence does not carry potential sites
for posttranslational modiﬁcations such as glycosyla-
The authors are grateful to Prof. J. Feingold, Dr. M. Ruberg,
tion or phosphorylation. Preliminary results show and G. David, for critical reading of the manuscript, and to
that this polymorphism has no effect on age at onset, Drs. M. Abada-Bendib, A. Benomar, E. Cassa, J.-J. Cassiman,
clinical presentation, or instability of the expanded H. Chneiweiss, G. Fe´nelon, B. Fontaine, D. Grid, M.
CAG repeat (data not shown). Functional analysis in Haguenau, A. E. Harding, J. Julien, A. D. Korczyn, D.
cellular or animal models should, however, be infor- Laplane, C. Legum, M. Serdaru, P. S. Sousa, and J. Zlotogora,
for referring some of the patients. This study was supportedmative.
/ 9a2a$$ju16 05-23-97 18:35:01 ajhga UC-AJHG
1552 Letters to the Editor
ﬁnancially by the VERUM foundation, the Association Fran- Zeisler J, Nichol K, et al (1994) DNA haplotype analysis of
Huntington disease reveals clues to the origins and mecha-c¸aise contre les Myopathies, the Groupement de Recherches
et d’Etudes sur les Ge´nomes, and the Association pour le De´vel- nisms of CAG expansion and reasons for geographic varia-
tions of prevalence. Hum Mol Genet 3:2103–2114oppement de la Recherche sur les Maladies Ge´ne´tiques Neuro-
logiques et Psychiatriques. Y.T. received a fellowship from the Stevanin G, Cancel G, Didierjean O, Du¨rr A, Abbas N, Cassa
E, Feingold J, et al (1995a) Linkage disequilibrium at theHereditary Disease Foundation (USA).
Machado-Joseph disease/spinal cerebellar ataxia 3 locus: ev-
idence for a common founder effect in French and Portu-
guese-Brazilian families as well as a second ancestral Portu-References
guese-Azorean mutation. Am J Hum Genet 57:1247–1250
Stevanin G, Cassa E, Cancel G, Abbas N, Du¨rr A, JardimCancel G, Abbas N, Stevanin G, Du¨rr A, Chneiweiss H, Ne´ri
C, Duyckaerts C, et al (1995) Marked phenotypic heteroge- E, Agid Y, et al (1995b) Characterization of the unstable
expanded CAG repeat in the MJD1 gene in four Brazilianneity associated with expansion of a CAG repeat sequence at
the spinocerebellar ataxia 3/Machado-Joseph disease locus. families of Portuguese descent with Machado-Joseph dis-
ease. J Med Genet 32:827–830Am J Hum Genet 57:809–816
Du¨rr A, Brice A (1996) Genetics of movement disorders. Curr Stevanin G, Le Guern E, Ravise´ N, Chneiweiss H, Du¨rr A,
Cancel G, Vignal A, et al (1994a) A third locus for autoso-Opin Neurol 9:290–297
Du¨rr A, Stevanin G, Cancel G, Duyckaerts C, Abbas N, Didier- mal dominant cerebellar ataxia type I maps to chromosome
14q24.3-qter: evidence for the existence of a fourth locus.jean O, Chneiweiss H, et al (1996) Spinocerebellar ataxia
3 and Machado-Joseph disease: clinical, molecular and neu- Am J Hum Genet 54:11–20
Stevanin G, Sousa PS, Cancel G, Du¨rr A, Dubourg O, Nichol-ropathological features. Ann Neurol 39:490–499
Endo K, Sasaki H, Wakisaka A, Tanaka H, Saito M, Igarashi son GA, Weissenbach J, et al (1994b) The gene for Ma-
chado-Joseph disease maps to the same 3-cM interval asS, Takiyama Y, et al (1996) Strong linkage disequilibrium
and haplotype analysis in Japanese pedigrees with Ma- the spinal cerebellar ataxia 3 gene on chromosome 14q.
Neurobiol Dis 1:79–82chado-Joseph disease. Am J Med Genet 67:437–444
Gaspar C, Lopes-Cendes I, DeStefano AL, Maciel P, Silveira I, Takiyama Y, Igarashi S, Rogaeva EA, Endo K, Rogaev EI,
Tanaka H, Sherrington R, et al (1995) Evidence for inter-Coutinho P, MacLeod P, et al (1996) Linkage disequilibrium
analysis in Machado-Joseph disease patients of different eth- generational instability in the CAG repeat in the MJD1 gene
and for conserved haplotypes at ﬂanking markers amongstnic origins. Hum Genet 98:620–624
Goldberg-Stern H, D’jaldetti R, Melamed E, Gadoth N (1994) Japanese and Caucasian subjects with Machado-Joseph dis-
ease. Hum Mol Genet 4:1137–1146Machado-Joseph (Azorean) disease in a Yemenite Jewish
family in Israel. Neurology 44:1298–1301 Takiyama Y, Nishizawa M, Tanaka H, Kawashima S, Saka-
moto H, Karube Y, Shimazaki H, et al (1993) The gene forGoto J, Watanabe M, Ichikawa Y, Yee S, Ihara N, Kanazawa
I (1996) c-DNA cloning and polymorphism of the Machado- Machado-Joseph disease maps to human chromosome 14q.
Nat Genet 4:300–304Joseph disease (MJD) gene. Eur J Neurosci Suppl 9:114.02
Harding AE (1993) Clinical features and classiﬁcation of in- Trottier Y, Lutz Y, Stevanin G, Imbert G, Devys D, Cancel
G, Saudou F, et al (1995) Polyglutamine expansion as aherited ataxias. Adv Neurol 61:1–14
Igarashi S, Takiyama Y, Cancel G, Rogaeva EA, Sasaki H, pathological epitope in Huntington’s disease and four domi-
nant cerebellar ataxias. Nature 378:403–406Wakisaka A, Zhou Y-X, et al (1996) Intergenerational insta-
bility of the CAG repeat of the Machado-Joseph disease
(MJD1) is affected by the genotype of the normal chromo- Address for correspondence and reprints: Prof. Alexis Brice, INSERM U289,
Me´canismes et Conse´quences de la Mort Neuronale, Hoˆpital de la Salpeˆtrie`re,some: implications for the molecular mechanisms of the in-
47 Boulevard de l’Hoˆpital, 75651 Paris Ce´dex 13, France. E-mail: bricestability of the CAG repeat. Hum Mol Genet 5:923–932
@u289.ext.infobiogen.frImbert G, Kretz C, Johnson K, Mandel JL (1993) Origin of
 1997 by The American Society of Human Genetics. All rights reserved.
the expansion mutation in myotonic dystrophy. Nat Genet 0002-9297/97/6006-0037$02.00
4:72–76
Iughetti P, Zatz M, Passos-Bueno MR, Marie SK (1996) Dif-
ferent origins of mutations at the Machado-Joseph locus
(MJD1). J Med Genet 33:439
Kawaguchi Y, Okamoto T, Taniwaki M, Aizawa M, Inoue I,
Am. J. Hum. Genet. 60:1552–1555, 1997Katayama S, Kawakami H, et al (1994) CAG expansion in
a novel gene for Machado-Joseph disease at chromosome
14q32.1. Nat Genet 8:221–227
A Common mtDNA Polymorphism Associated withMyers RH, MacDonald ME, Koroshetz WJ, Duyao MP, Am-
Variation in Plasma Triglyceride Concentrationbrose CM, Taylor SA, Barnes G, et al (1993) De novo expan-
sion of a (CAG)n repeat in sporadic Huntington’s disease. To the Editor:
Nat Genet 5:168–173
Many laboratories are investigating the association be-Sequeiros J, Coutinho P (1993) Epidemiology and clinical as-
tween nuclear genomic variation and complex humanpects of Machado-Joseph disease. Adv Neurol 61:139–153
Squitieri F, Andrew SE, Goldberg YP, Kremer B, Spence N, traits (Lander and Schork 1994). However, the extranu-
/ 9a2a$$ju16 05-23-97 18:35:01 ajhga UC-AJHG
